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ABSTRACT

Based on the observed interannual variations of water vapor and temperature over the past 26 years the
authors have examined the relationship between the variations of water vapor and temperature in the tropical
troposphere. The authors find that in both the lower and upper troposphere, tropical mean specific humidity
increases with temperature. The rate of fractional increase of specific humidity with temperature at 500 mb is
as large as that in the surface boundary layer. However, the rate of fractional increase of specific humidity with
temperature is significantly smaller than that given by a model with a fixed relative humidity, particularly in
the region immediately above the tropical convective boundary layer. The variations of tropical mean relative
humidity show consistently a negative correlation with the temperature variations.

The authors have further compared the spatial structure of the specific humidity variations with that of the
temperature variations. Though the vertical structure of tropical mean specific humidity has more variability
than that of the tropical mean temperature, the leading EOF for the normalized specific humidity variations is
almost exactly the same as the leading EOF for the normalized temperature variations. The characteristic
horizontal structure of the specific humidity variations at levels in the free troposphere, however, is very different
from that of the temperature variations. The leading EOF for the normalized specific humidity variations at
levels in the free troposphere is characterized by regions with alternating positive and negative signs, while the
leading EOF for the corresponding temperature variations has a single sign throughout the Tropics. When the
variations are averaged zonally, the leading EOF for the normalized specific humidity variations still differs
significantly from that of the normalized temperature variations, but the leading EOF has the same sign from
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the deep Tropics to the subtropics.

1. Introduction

Water vapor plays a dominant role in the radiative
budget of the troposphere. It is the principal greenhouse
- gas and is strongly coupled with clouds. In general cir-
culation models (GCMs), water vapor feedback is the
largest response that amplifies the warming induced
by the increase of CO;,, and cloud feedback has been
identified as the major source of uncertainty (IPCC
1990, 1992). Through its radiative effects and phase
changes, water vapor not only plays a key role in at-
mospheric processes, but also serves as a crucial link
between the atmosphere and other components of the
climate system (Manabe and Stouffer 1993; Peixoto
and Oort 1992). The critical role of water vapor in
climate and climate change warrants a thorough at-
tempt to understand its behavior.
Central to the behavior of water vapor in climate
change is its relationship with temperature. Unfortu-
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nately, this relationship is poorly known in the tropical
troposphere. In their pioneering study of the impact of
an increase of CO, on climate, Manabe and Wetherald
(1967) assumed that the relative humidity was constant
with temperature. Based on the observational data that
were available at that time, they noted that the zonal
mean distributions of the relative humidity during
winter and summer resemble each other while the zonal
mean distributions of specific humidity for the two
seasons do not. In fact, the seasonal changes of relative
humidity in the Tropics are also large. Figure 1 shows
the relative humidity differences between northern
summer and northern winter. Only in regions outside
the Tropics (defined here as the entire domain of the
Hadley circulation, 30°S-30°N), the seasonal changes
in relative humidity are small. Since there is little sea-
sonal change of temperature in the Tropics, the changes
of relative humidity in the Tropics are mostly due to
the seasonal change of the position of the Hadley cir-
culation. Due to the seasonal change of the Hadley
circulation, regions with ascending motion in the sum-
mer may have descending motion in the winter. Figure
1 simply reflects the fact that the ascending branch of






